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Activity 1: Calculation of diffusion coefficient of acetone in  2en
beaker at ambient temperature(Compietec or 28.03.2024)

Tne ciffusion of acetone in air involves ine »s§ by which ace L7t Tule S
spread cut and mix with air molecules Hﬂ-re are some key ponts apout Nt £ OCess.
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1. Molecular Properties: Acetone (C:H- O)1s a small. volatle or 2=
compound. Its low melecular weight and relatively hign v=507 2ress
facilitate its diffusion in air

goncentratlon Gradient: Diffusion occurs due to aifferer
concentration. Acetone will move from zreas of higher cancertration & g..
near a spill) 1o areas of lower concent-ztian until equilbriLm 1< reax
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3 Tempﬂrﬂtul'ﬁ 'nﬂuence H1nhor temperaiures nT 2256 tha kel 1y of
the molecules, enhancing ciffusion rates Acetone evaporates maor e
warmer enviranments.

Factors Affecting Diffusion Rate:

Temperature: Higher temperatures rir€ase diffusion speec
Molecular Weight: L.chier moi=2 =5 affuse faster

Alr Movement: Wing or ventiatior <an enfiz=ie T 7~ ¢ Oy SUersing
acelone more rapicly

S
0oQ

Procedure: Students are asked to take the cifference In weight ~f areione er 10
minutes intervals In different conditions of aimosphere. The l0ss 'n weiahi
converted inta flux and Mass Transfer coefficier! :s naiculatnd anc ~™pa
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Innovative Experiment
Subject: Basic Chemical Engineering Lab
S.E. Chemical Engincering
Semester-I11

Year:2024-25

Freezing Point Depression

Introduction: (Initial Observation)

In a hot summer day the ice-cream street vendor was making ice-
cream. right in the street in a steel pot without a freezer or
electricity. How could he produce such a cold environment to
freeze milk and make ice-cream under the hot sun using some

crushed ice?

Adding salt to ice to make it colder. Why does salt make the ice
colder? Can other chemicals do the same?

Knowing how chemicals can modify freezing point or boiling point of liquids. can help us
control the conditions or produce products that otherwise we would not be able to produce.

In this work you will study the effects of various solutes on the freczing points of water. Find out
what property of a solute is effective in reducing the freezing point. Does freezing point
depression have any thing to do with the amount of solute?

Information Gathering:
Study about the physical and chemical properties of salt and water. Find out how salt can reduce

the freezing point of water. Read books, magazines or ask professionals who might know in
order to learn about the relation between freezing point depression and other properties of solutes
and solvents. Learn about mole, molal solutions and molar solutions. Keep track of where vou

cot your information from.

Following are samples of information that you may find.

Mole is the amount equivalent > g i sl vy
q to the atomic or molecular weight of the atom or
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molecule i grams,

One mole sodium js 23 grams sodium. One mole water is 18 grams water. One mole Sodium

Hydroxide is 40 grams sodium hydroxide.
A molality is the number of moles of solute dissolved in one kilogram of solvent.

To make a one molal solution of sodium chloride (NaCl) , measure out one kilogram of water

and add one mole of the solute, NaCl to it. The atomic weight of sodium is 23 and the atomic
- weight of chlorine is 35. Therefore the formula weight for NaCl is 58, and 58 grams of NaCl
- dissolved in 1kg water would result in a 1 molal solution of NaCl.

- Molarity is the number of moles of a solute dissolved in a liter of solution.

A molar solution of sodium chloride is made by placing 1 mole of a solute into a 1-liter
- volumetric flask. (Taking data from the example above we will use 58 grams of sodium
- chloride). Water is then added to the volumetric flask up to the one liter line. The result is a
- one molar solution of sodium chloride.*

Question/ Purpose:

What do you want to find out? Write a statement that describes what you want to do. Use your
observations and questions to write the Statement

The purpose of this project is to compare different solutes for their effects on reducing the
freezing point of water.

Identify Variables:
When you think you know what variables ma
time. If you change more than one at a time,
observation. Sometimes variables are linked
to choose variables that you think act indepe

y be involved, think about ways to change one at a
yYou will not know what variable is causing your
and work together to cause something. At first. try
ndently of each other.

The independent variable (manipulated variable) is the type of solute.
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ADLEIS he Treezing point of the solution.

onstants are the mace water . ,
© Whe rnass water, mass of solute, and experiment procedures,

Hypothesis:

Jased on your gathered information, make an educated guess about what types of things affect
the system you are working with. Identifying variables is necessary beller 4 EBIRIES
hypothesis.

Experiment Design:

Design an experiment to test each hypothesis. Make a step-by-step list of what you will do to
answer cach question. This list is called an experimental procedure. For an experiment o give
answers you can trust, it must have a “control." A control is an additional experimental trial or
run. It is a separate experiment. done exactly like the others. The only difference is that no
experimental variables are changed. A control is a neutral "reference point” for comparison that
allows you 1o see what changing a variable does by comparing it to not changing anything.
Dependable controls are sometimes very hard to develop. They can be the hardest part of a
project. Without a control you cannot be sure that changing the variable causes your
observations. A series of experiments that includes a control is called a "controlled experiment.”

Experiment 1: Compare the freezing point depression of water with same mass of different

solutes.

Introduction: In this experiment same amounts of various solutes are added to water and the
resultant freezing points of the solutions are determined.

Material:

Ice

Sugar (Sucrose, Ci2H22011)

Salt (NaCl)

cthylene glycol (commercial automotive antifreeze)

Other water soluble substance that you may want to test. For example you may want to add urca
(a well known fertilizer), Isopropyl alcohol, or glycerin. to the list of material that you test.

Equipment:



thermomelter
400-mL beake , '
U-mL beaker (or a 10 ounce Styrofoam cup)
100-mL graduated cylinder
stirring rod
Preparation of Ice Bath:

| Fill the large beaker 3/4 full with ice.

2. Cover the ice with 1/4 to 1/2 inches of table salt.

12 rod and make sure the temperature drops to at

3. Stir this ice-salt mixture with a stirrir
least -10°C.
Procedure:

I. Prepare a solution of NaCl by adding 10 grams of NaCl to 100 mL of water. Mix until all

crystals dissolve.

2. Prepare a solution of sugar by adding 10 grams of sugar to 100 mL of water. Mix until all

crystals dissolve.

Prepare a solution of ethylene glycol by adding 10 grams of antifreeze to 100 mL of

water. Mix until all crystals dissolve.

LS

4. Place a test tube that is 1/2 full of water in the ice bath.

Stir the water in the test tube gently with a thermometer while keeping track of the

5.
temperature.

6. When the first ice crystals appear on the inside wall of the test tube, record the
temperature. This should be the freezing point of the liquid. (In this step water is the pure
solvent).

7. Repeat steps 4-6 with the prepared NaCl, sugar and ethylene glycol solutions.

8. Record your results in your results table

Y our results table may look like this:

T water(ml)

Solute Solute (grams) Freezing Point



Nene (pure Water) 109 0 S .

Nall 100 e R .
' SUgR 100 jw
} Ethylene Glycol 100 = —_—
|
E Which substance is a better anti-frecze? S
I
|

® Experiment 2: Compare the freezing point depression of water with same moles of

different solutes.

Introduction: In this experiment same number of moles (molecule grams) of various solutes are
added to water and the resultant freezing points of the solutions are determined. In this way all
solutions will have the same number of solute molecules. This experiment is based on the
following information:

One mole of any substance consists of 6.022 x 107} molecules of that substance. The number
6.02 times 10 to the 23rd is known as Avogadro's number.
For example:

« 18 grams of water contains 6.022 x 10** water molecules.

« 38 grams of NaCl contains 6.022 x 10** NaCl molecules.
ﬂ : « 342 grams of sucrose consists of 6.022 x 10 molecules of sucrose.

To make a one mole solution of NaCl. you place one molecule gram of NaCl in a beaker and
then add water to that to bring the volume to 1 liter. Molecular mass of NaCl is 58. so one
molecule gram of NaCl is 38 grams of NaCl. To Calculate the molecular weight of any
substance. you can add the atomic weights of the atoms that form one molecule of that
substance. So the molecular weight of NaCl is calculated by adding the molecular weight of
Sodium (23) and Molecular weight of Chlorine (35).

I\laterial:_'
Ice

Sugar (Sucrose, C12H22011 )
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!.
salt (NaCly
cthylene elycol (Commercial automotive antilreeze, Ca ;)
Other witer
{“1l\l\i{[I\\Ii::::\\:{]l1|l:.ll-‘1|;|'iil.i‘;l:II::';.C (that you may want (o test. o1 v_\'.iuuplt.- you may wint Lo add urea
Asopropyl aleohol, or plycering to the list of material that you (est,
Lquipment:
test tubes
2 thermometer
('_f_-b 400-mL beaker (or a 10 ounce Styrofoam cup)
100-mL graduated eylinder
stirring rod
Preparation of Tee Bath:
1. Fill the large beaker 3/4 full with ice.
2. Cover the ice with 1/4 to 1/2 inches of table salt,
3. Stir this ice-salt mixture with a stirring rod and make sure the temperature drops (o at
least -10°C.
Procedure:
D
. 1. Prepare a solution of NaCl by adding 5.8 grams of NaCl to 100 mL ol watcr. Mix until all
\ crystals dissolve.

2. Prepare a solution of sugar by adding 34 grams of sugar to 100 mL of water. Mix until all

crystals dissolve.

3. Prepare a solution of ethylene glycol by adding 6.2 grams of ethylene glycol to 100 ml.
of water. Mix until all crystals dissolve.

4. Place a test tube that is 1/2 full of water in the ice bath.

5. Stir the water in the test tube gently with a thermometer while keeping track ol the
temperature.

6. When the first ice crystals appear on the inside wall of the test tube, record the
temperature. This should be the freezing point of the liquid. (In this step water is the pure

RS o PV N T - -
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“P 5-6 with the prepared NaCl, sugar and ethylene glycol solutions.

4. Re . .
ecord your results in vour results table

Your results table may look like this:

Solute Water (ml.) .‘iolulc(grams)- | Freezing Point

None (pure water) 100 0

NaCl 100 5.8
|

Sugar 100 34 |

Ethylene Glycol 100 6.2 |

Which substance is a better anti-freeze when added at a ratio of | molecule gram to each Liter of

water?

IExperiment 3: (Optional)

| developed this experiment after observing the results of the previous experiment and gathering
some more information. I lcarned that most solutions made by dissolving one mole solute in one
liter of water have the same freezing point. In other words the freezing point depression of water
is the same with one mole of any solute. The exceptions are the solutes that are very volatile and
the solutes that ionize. The freezing point of water reduces by 1.86°C for cach mole of a
substance in 1 Kg of water. This ratio can be written as AT = (1.86)(m).

AT is the freezing point depression,
m is the molality of solution (the number of moles of solute added to 1 kg of water)

This is a very important picce of information because it can be used to determine the molecular
mass (mole) of unknown substances. Often chemists try to identify an unknown substance.
Knowing the molecular mass of an unknown can be very helpful in such identifications.

Molccular Mass Determination From Freezing Point Depression
1. Dissolve 10 grams of Urea in 100 mL of water.

9 Freeze this solution in the same manner as in the previous experiment. Be sure to record
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the freezing point temperature,

3. Caleulate the molecular mass of this solute based on (he freezing point e SEI
A1 = (1.86)(m)

A1 = (1.80)](grams of solute Molcecular mass) © ket of water]
Molecular mass of solute = [(1.80) (grams of solute)] - (A1) g ey
Since we used 10 grams of solute in 0.1 kg of water, we can Wile:

Molecular mass of solute 186 Al

I SRR

Cleanup:

All solutions may be (Jushed down the drain with plenty of water.

Molecular mass ol solute = 180+ AT

Materials and Equipment:
Material:

ice

Sugar (Sucrose, Cial2201)

Salt (NaCl)

cthylene glyeol (commercial automotive antifreczc)

I quipment:
test tubes
thermometer

400-ml. beaker (or a 10 ounce Styrofoam cup)
100-ml, graduated cylinder

stirring rod

Since commercial antifreeze is primarily ethylene glycol, it is highly toxic and should not be
ingested. The ice used in the experiment could become contaminated with antifreeze by accident:
students should be warned not to cat the ice. Goggles must be worn throughout the experiment.

Results of Experiment (Observation):




l,.‘!.]fi.’fllliz'rii‘n are often done in series. A series of experiments can be done by changing on¢
variable a different amount each time. A series of experiments is made up of separat¢
experimental “runs.” During each run you make a measurement of how much the variable
affected the system under study. For each run, a different amount of change in the variable is

m. You measure this response, Of
data" since it has not been
ematically, for example, it

used. This produces a different amount of response in the syste
record data, in a table for this purpose. This is considered "raw
processed or interpreted yet. When raw data gets processed math
becomes results.

Results table:

Solute Water (mL) - Solute {grams-} IF}cc_:zing Point
IENonc-(purc \\‘atcf) i_l()i) I0 _ .

NaCl iwo - i’s.s

Sugar ' imu - J4

Fibylenc Glycol 100 02 S

Following is a sample of some additional results from similar experiments and observations.
Note that the electrolyte molecules break down to jons, resulting an increase in the number of
particles. That is why in the temperature depression formula suggested below. another variable
(1) 1s added.

The freezing point of solutions depend upon the concentration of solute particles. The
freezing points of water solutions are always lower than that of pure water. The change in
freczing point caused by the presence of a solute dissolved in water can be calculated from
the equation,

AT = (1.86)(m)(1),

where 1.86 is the molal freezing point depression constant for water. m is the molality of the
solution, and 1 is the number of particles produced per formula unit.

Molality = moles of solute/kg solvent

SIHCL“ Iru{lng point depression depends upon the number of particles in solution, a one molal
solution of an electrolyte (NaCl), which dissociates in water, lowers the freezing point more
than a one molal solution of a non-clec ‘e (s The freezi ‘
$ ctrolyte (s J * free; i X
vte (sucrose). The freezing point of 2 one molal
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».:|]'. -'"r‘ 1aC]
ution of ?\.1(! IS actually -3 i7eC |
DL S . 0Only imes ‘
Y 1.81] times that ofa non-cleclrolyle. not the -

¢ expected if NaCl

molecules were ¢ alv dissoes: :
Ve Bt raiad =eU; ere completely dissociated. This
ly independen ¢ Inter-1onic attractions that prevent the ions from
) 3 endent particles. T, ivi >ffecti i i
hessethian whint e expect § he activity or effective concentration of the ions is
stlie sl d rom the actual concentration. Some of the ions may exist as
10 e S callec 1 X . '
et alled ion Zalrs. The more dilute the solution of an electrolyte, the more widely
: ¢ the 1ons, and le : I ionic i 1 ve i

and less are the interionic attractions,. Consequently, the effective ion

2.027C that would b
difference is belje

behaving as tota

concer i - .
1tration closely approaches the actual ion concentration.

Calculations:
Write your calculations in this section of your report.

Summary of Results:
Summarize what happened. This can be in the form of a table of processed numerical data, or

graphs. It could also be a written statement of what occurred during experiments.

hat tables and graphs are made. Studying tables and
bservations. Based on

nclusions help us

It is from calculations using recorded data t
s that tell us how different variables cause our 0

conclusions about the system under study. These co
hematical equations can be made {rom

ange will affect the system without the need
mental science rely heavily on graphical
becomes even more interesting and

eraphs, we can see trend
these trends, we can draw
confirm or deny our original hypothesis. Often, matl
graphs. These equations allow us to predict how a ch
to do additional experiments. Advanced levels of experi
and mathematical analysis of data. At this level, science

powerful.

Conclusion:
Using the trends in your experimental data and y

your original questions. Is your hypothesis correc
d. and assess the experiments you did.

our experimental observations, try 10 answer
2 Now is the time to pull together what

happene

Related Questions & Answers:
What you have learned may allow you to answer 0
Several new questions may have occurred to you while doing experiment
to understand or verify things that you discovered when gathering information for the project.
Questions lead to more questions, which lead to additional hypothesis that need to be tested.

ther questions. Many questions are related.
s. You may now be able

Possible Errors:
nt than what happened with your control. the variable you

If you did not observe anything differe




changed may noq affect the syste

reproducible trend i your serie
your results. The
measure
maybe

You are nvestigating, If you did not observe a consistent,

Shestfine o c;:cfkff:\"plerirrllelnlaf runs lh.crc may be experimental errors affecting
el qm;;g{m. . is 10W you are making your measurements. !s the
- e a ¢ or unfellable?_Maybe you are reading a scale incorrectly, or
= Histrument 1s working erratically.

If you determine that experimental errors are influencing your results, carefully rethink the
design of your experiments, Review each step of the procedure to find sources of potential

errors. If possible, have a scientist review the procedure with you. Sometimes the designer of an
€xperiment can miss the obvious,
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